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Abstract

Background: Painful events are the leading cause of hospitalizations for patients with sickle cell 

disease. Individualized pain plans targeting patient-specific maximum opioid dosing may shorten 

hospitalization length and are recommended by national guidelines. Prior to implementing 

individualized sickle cell pain plans, we tested the hypothesis that a shorter time to achieve a 

maximum opioid dose would improve hospitalization outcomes.

Procedure: Two-year IRB-approved, retrospective study of pediatric patients admitted for vaso-

occlusive crisis (VOC). We recorded the ED admission time, order entry time for the maximum 

opioid dose during the hospitalization, and time of discharge orders. We categorized patients as 

infrequent if they required < 3 admissions for VOC over two years and patients as frequent if they 

required ≥ 3 admissions for VOC over two years. To account for multiple admissions, generalized 

linear modeling was performed.

Results: We identified 236 admissions for acute pain observed in 108 patients. Achieving an 

earlier maximum opioid dose was significantly associated with shorter length of hospitalization for 

frequent and infrequent pain patients (both p≤0.0001). As total hospitalization length can be 

impacted by the time a maximum opioid order was placed, we also analyzed hospitalization length 

after the maximum opioid order was placed. Frequent pain patients that achieved earlier analgesia 

had a significantly shorter hospitalization from the time the maximum opioid order was placed 

(p=0.03) while no association was found for infrequent pain patients (p=0.84).

Conclusions: Early achievement of maximum analgesia improved hospitalization outcomes and 

warrant further investigation in prospective studies of individualized pain plans.
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Introduction

Acute painful events are the leading cause of both emergency department (ED) visits and 

admissions for patients with sickle cell disease (SCD).1,2 Patients with SCD report 

dissatisfaction with the quality of care received in the ED during vaso-occlusive crises 

(VOC); one such reason cited for dissatisfaction are delays in receiving opioid therapy for 

analgesia.3–6 High-dose opioid protocols may be safe and more appropriate alternatives for 

treatment for opioid tolerant patients but ED physicians may have a lower comfort level with 

aggressive opioid dosing.7–9 In an attempt to impact pain outcomes for SCD patients in the 

ED, the 2014 NHLBI Expert Panel Report on the Management of Sickle Cell Disease 

recommended prompt assessment and administration of analgesia within 30 minutes of 

triage with frequent assessments and re-administration of opioid therapy every 30 minutes 

until analgesia is achieved.10 Unfortunately, due to the complexity of cases in the ED and 

possible limited resources to meet the needs of all patients experiencing emergencies, 

achieving appropriate and timely analgesia as suggested by the NHLBI is rarely 

accomplished in a clinical ED.11–13 Potential strategies to improve patient reported 

outcomes and lower admission rates in the ED include utilizing patient-specific pain plans 

and higher initial opioid dosing. 7,14

Once patients are admitted to the hospital for acute pain, the NIH SCD guidelines 

recommend using an individualized prescribing protocol or SCD-specific pain protocol.10 

This recommendation for utilizing an individualized prescribing protocol or SCD-specific 

pain protocol is based on expert opinion as there is little evidence to suggest a benefit on 

inpatient pain outcomes. Despite the limitation in evidence, patients have expressed a desire 

to receive individualized opioid dosing plans during acute pain events.15 These individual 

prescribing protocols would include specific analgesic medication recommendations 

including drugs, dosage, route and frequency of medication delivery. The major 

hypothesized benefit of an individualized pain plan is that patients receive a patient-specific 

opioid dosing strategy based on historical opioid doses during acute pain events. This 

information could allow for higher upfront doses of opioid rather than a lower, suboptimal 

initial opioid dose and slow titration to analgesia. Prior review and approval of 

individualized pain plans by the primary hematologist could improve adoption of higher 

initial opioid doses by the admitting inpatient team.

The goal of individualized pain plans is to achieve earlier analgesia as measured by time 

from ED triage until the patient receives his/her maximum opioid dose during their 

admission (as defined by maximum hourly dose in oral morphine equivalents). To begin to 

address this limitation in the field, we tested the hypothesis that earlier achievement of a 

maximum opioid dose would result in a shorter length of hospitalization. We also sought to 

test the hypothesis that those receiving SCD modifying therapies would have shorter lengths 

of hospitalization attributable to their therapy.
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Methods

Study Population:

We conducted an IRB-approved, retrospective cohort study of all pediatric patients with 

SCD admitted from the ED for VOC from Jan 2015 through Dec 2016. Patients with a 

diagnosis of SCD [hemoglobin SS, SC, SB+, SB0, verified by electronic medical record 

(EMR) review] were included in the study if their primary diagnosis for admission was VOC 

or sickle pain crises identified by ICD-10 code [D57.0, D57.21, D57.41, or D57.81]. Next, 

we performed chart reviews for each patient to confirm that the admission was associated 

with VOC and excluded patients in which another complication (i.e. fever, acute chest 

syndrome, or priapism) was the primary compliant. We considered that some patients with 

frequent acute pain events might have different outcomes than patients with rare acute pain 

events. Therefore, we a priori categorized patients as infrequent if they required < 3 

admissions for VOC over two years and patients as frequent if they required ≥ 3 admissions 

for VOC over two years.1,16 To categorize patients by current SCD modifying therapy, we 

documented their current SCD modifying therapy from their most recent outpatient clinic 

note. Patients were categorized as either receiving no SCD modifying therapy, hydroxyurea, 

or transfusion therapy. Ten of the twelve patients on transfusion therapy were receiving 

blood transfusion for frequent pain events, in addition to prescribing hydroxyurea, to 

maintain a goal HbS% between 30–50%. These patients on transfusion therapy and 

prescribed hydroxyurea were categorized as transfusion therapy for statistical power in this 

analysis.

Clinical Investigation:

Individual clinicians directed opioid management and discharge during hospitalizations for 

acute pain events using their clinical acumen. Protocols for titration of opioids to maximum 

dose or discharge criteria after achieving analgesia are not standardized at our institution. 

The primary outcome for this study was length of hospitalization. To measure this objective, 

we recorded the time of ED admission, time of the order entry for the maximum opioid dose 

(mg) during the hospitalization, and time of entry for the discharge orders. Specifically, 

hospital admission length was defined as the difference in time between the emergency 

department triage and the time discharge orders were placed in the EMR. We defined the 

maximum opioid dose as the highest hourly total dose a patient received in oral morphine 

equivalents including patients receiving patient-controlled analgesia (PCA). For patients 

treated via PCA, the maximum opioid dose for the admission was calculated as the 

maximum total cumulative dose within an hour, including both continuous infusion opioid 

and patient-controlled boluses.

Statistical Analysis.

The unit of observation in the analyses was pain admission. Each pain admission was 

considered an independent event. We summarized the demographic characteristics of the 

patients and admissions by presenting count and percentages for categorical variables and 

observed means and standard deviations for continuous variables. To account for individual 

patients with multiple admissions, generalized linear mixed modeling based on the gamma 

distribution with log link function and random intercept was fitted to examine the 
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association between outcomes (time to achieve a maximum opioid dose, length of 

hospitalization and length of hospitalization after achieving a maximum opioid dose) and 

explanatory variables (genotype, sickle cell therapy, and frequent/infrequent pain patients). 

Estimated mean outcomes and p-values were obtained by fitting the models separately for 

each outcome and explanatory variable unadjusted for other explanatory variables. All 

analyses were performed using JMP Pro 12 and SAS v4.0 (Cary, NC). All p-values <0.05 

were deemed significant.

Results

We identified 236 admissions for acute pain observed in 108 patients over the 24-month 

period from January 2015 and December 2016. The total number of pain events per patient 

during the study period ranged from 1 to 14 events (mean: 2.18 ± 2.3) hospitalizations. Of 

the 108 patients included in this study, we identified 21 patients as frequent pain patients (≥ 

3 admissions/2 years). One hundred and twenty-seven (54%) of the total admissions 

occurred in these 21 patients. One hundred and twenty (51%) acute pain events occurred in 

females. The mean age for these acute pain admissions was 13.5 years (range: 0.5–19 years). 

Genotypes included eighty patients with HbSS or HbSB0 thalassemia (74%), twenty-four 

with HbSC (22%), and four patients with HbSB+ thalassemia (4%). Of the 236 admissions 

for VOC, 122 events (52%) occurred in patients prescribed hydroxyurea (HU) alone at the 

time of admission, 28 (12%) were receiving chronic transfusion alone, 22 (9%) were 

prescribed HU and receiving chronic transfusion, and 64 (27%) admissions occurred in 

patients that were not receiving any disease modifying therapy. (Table 1).

Those with frequent pain admissions had an observed mean (± SD) length of hospitalization 

of 104.8 (± 78.8) hours compared to those with infrequent admissions who had an observed 

mean length of hospitalization of 90.6 (± 63.8) hours (p=0.24). Those with frequent pain 

admissions also had an observed mean time to maximum opioid dose of 27.6 (± 44.4) hours 

that was not significant when compared to those with infrequent admissions 18.2 (± 34) 

hours (p=0.06). Lastly, those with frequent pain admissions were discharged a mean of 66.9 

(± 55.3) hours after receiving their maximum opioid dose which is similar to those with 

infrequent admissions, who were discharged 61.1 (± 43.8) hours later (p= 0.67) (Table 2).

Impact of Achieving Early Maximum Opioid Dose on Outcomes.

Among all study participants, the observed mean total hospitalization for acute pain among 

was 98 ± 72 hrs. Using generalized linear modelling to account for patients with multiple 

admissions, achieving an earlier maximum opioid dose was significantly associated with 

shorter estimated total length of hospitalization for both frequent (p≤0.0001) and infrequent 

pain patients (p≤0.0001) (Figure 1).

We also evaluated the length of hospitalization following the placement of the maximum 

opioid order. Among all patients the observed mean (± SD) time to discharge following the 

administration of the maximum opioid dose was 64 (± 50) hours. Frequent pain patients that 

achieved earlier analgesia had a significantly shorter estimated hospitalization from the time 

the maximum opioid order was placed (p=0.03). However, for infrequent pain patients, we 
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identified no significant association between time to discharge after maximum opioid order 

and the time the maximum opioid order was placed (p=0.84) (Figure 2).

Differences in Hospitalization Length by Pain Frequency and SCD Therapy:

Using generalized linear modelling to account for multiple admissions, we identified no 

significant difference in the total hospitalization length for patients frequently admitted to 

the hospital for pain as compared to patients with infrequent hospitalizations for pain 

(estimated mean 95.2 vs 81.6 hrs, p=0.24). However, a significant impact for type of SCD 

modifying therapy on total length of hospitalization (p=0.027) was seen. Specifically, those 

receiving transfusion had a significantly estimated shorter hospitalization (65.6 hrs) 

compared to patients prescribed HU (89.6 hrs, p=0.0076). Length of hospitalization was not 

different for patients on HU vs no SCD modifying therapy (89.6 vs 85.5 hrs, p=0.68).

Differences in Time to Achieve a Maximum Opioid Order by Pain Frequency and SCD 
Therapy:

Among all patients, the observed mean time to achieve maximum opioid dose was 23.3±40 

hrs (range: 5–280 hours). Using generalized linear modelling, the time to achieve a 

maximum opioid dose was not different between patients frequently admitted to the hospital 

as compared to patients with infrequent hospitalizations (21.5 vs 12.7 hours, p=0.057). We 

identified a significant association between the estimated time to achieve a maximum opioid 

dose and SCD therapy (p=0.047). Patients on transfusion therapy had a significantly shorter 

estimated time to achieve a maximum opioid dose than patients prescribed HU (10 vs 18 

hours, p=0.023). There were no significant differences in time to achieve a maximum opioid 

order for patients with no SCD modifying therapy as compared to transfusion (12 vs 10 

hours, p= 0.057) or HU (12 vs 18 hours, p= 0.13).

Discussion

Overall, our data shows that earlier titration of opioid to a maximum dose for analgesia 

during an inpatient admission for acute pain correlates with improved outcomes for hospital 

admission length. This result suggests that either rapid assessment or titration of their pain 

regimen or higher initial opioid doses could decrease hospitalization length. Additionally, 

patients with frequent pain represent the majority of our pain admissions and our findings 

suggest the strongest impact on early analgesia was in these patients with frequent 

hospitalizations. Therefore, this frequent pain cohort is the ideal candidate for the 

development and pilot testing of individualized pain plans as they have a more severe impact 

from their pain and have several admission records to review to determine an optimal opioid 

dosing strategy.

While there are limited inpatient studies of patient-specific opioid dosing in hospitalized 

patients, there is more data from the ED. In a recent pediatric VOC trial in the ED setting, an 

association between earlier initial opioid dosing in the ED and length of hospitalization was 

not identified.14 However, other studies have suggested that individualized pain management 

plans in the ED are associated with decreased hospital admission rates, shorter 

hospitalization, and higher levels of patient satisfaction.17 Similarly, an adult ED study 
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suggested that a patient-specific opioid dosing strategy allowed a greater reduction in pain 

scores and lower admission rates for acute pain than those treated with standard weight-

based dosing strategies. 7 As the ED studies have inherent differences in outcome measures, 

these trials may not be applicable to an inpatient setting, but do demonstrate that additional 

prospective research should be conducted in both settings.

Patients treated with transfusion have the shortest hospitalization for acute pain as compared 

to HU alone or no therapy. This finding is comparable to previous studies that show a 

protective role of transfusion in the development of acute pain events. 18 While HU 

decreases the incidence of VOC admissions, our study did not appreciate a benefit from HU 

therapy to shorten the length of hospital admission.19,20

While our data suggests a benefit to achieving early analgesia, some limitations inherent in a 

retrospective review are worth noting. As a single-institution study, we were unable to 

account for admissions outside of our hospital system. Second, this retrospective study could 

not capture rigorous methods for determining home opioid use or recent hydroxyurea 

adherence. Third, individual provider practices for opioid titration and discharge practices 

were not standardized. Fourth, we did not evaluate the impact of early, aggressive opioid 

management in the ED for patients presenting with VOC that were discharged without 

admission. Finally, length of hospitalization is a standard measure for hospital outcomes; 

however, there are some limitations in using length of stay as other factors independent of 

pain management could influence this metric including psychosocial issues, opioid 

metabolism, and differences in patient reported outcomes of pain.

In conclusion, our data suggests that earlier achievement of analgesia as measured by time to 

maximum opioid dose is associated with shorter hospitalizations. Importantly, among 

patients with frequent pain admissions, achievement of earlier maximum opioid dose 

decreased total hospitalization length and time to discharge after a maximum opioid dose 

was administered. Prospective studies are needed on individualized pain plans for VOC 

admissions to confirm our findings. To address this limitation, our institution is currently 

evaluating individualized pain plans that use an initial dosing regimen based on the mean 

maximal opiod dose from the three prior admissions for frequent pain patients. Additionally, 

to adequately assess individualized pain plans with higher initial opiod dosing, prospective 

data is needed on the safety of such regimens as well as the benefit in patient reported 

outcomes. Ultimately, it is our goal to provide appropriate pain management and relieve the 

suffering children with SCD experience during VOC.
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Abbreviation Key:

SCD Sickle cell disease

VOC Vaso-occlusive pain crisis

ED Emergency department

PCA Patient-controlled analgesia

HU Hydroxyurea
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FIGURE 1: 
Scatterplot and predicted curve for Length of Admissions (LOA) and Time to Maximum 

Opioid Order. (Predicted curve is based on the marginalized linear predictor.)
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FIGURE 2: 
Scatterplot and predicted curve for Time to Discharge after Maximum Opioid Delivery and 

Time to Maximum Opioid Order. (Predicted curve is based on the marginalized linear 

predictor.)

Payne et al. Page 10

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Payne et al. Page 11

Table 1:

Study Demographics

Genotype Patients (%)
N=108

Admissions (%)
N=236

Hb SS/Sβ0 thalassemia 80 (74) 182 (77)

Hb SC 24 (22) 45 (19)

HbSβ+ thalassemia 4 (4) 9 (4)

SCD Modifying Therapy

Hydroxyurea 53 (49) 122 (52)

HU/Transfusion 10 (9) 50 (21)

No therapy 45 (42) 64 (27)

VOC Frequency

< 3 admissions 87 (81) 109 (46)

≥ 3 admissions 21 (19) 127 (54)
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Table 2:

Comparison of Outcomes by Frequency of Visits

< 3 admissions (Infrequent)
Observed Mean

≥ 3 admissions (Frequent)
Observed Mean

p-value*

Total Length 90.6 ± 63.8 104.8 ± 78.8 0.2369

Time to Max Order 18.2 ± 34 27.6 ± 44.4 0.0567

Time to Discharge after Max Opioid 61.1 ± 43.8 66.9 ± 55.3 0.6690

*
p-value was obtained using generalized linear mixed model (gamma distribution; log link; random intercept)
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